Introduction
Mental distress is common among cancer patients; around onethird of cancer patients have been reported to have mood disorders in the hospital setting [1] . Beyond the burden of living with cancer and its treatments, receiving a cancer diagnosis is also a severely stressful event. An excessive or prolonged psychological reaction to the diagnosis may itself be associated with other serious health consequences, including various psychiatric disorders [1, 2] and, in severe cases, even suicide and cardiovascular fatalities shortly after cancer diagnosis [3] .
During the past decade, the evidence for the role of mental disorders in tumor progression and cancer-related mortality has been rapidly accumulating [4] . Studies have reported various mental disorders to be associated with higher rate of all-cause [5] [6] [7] or cancer-specific [8, 9] mortality. However, the findings of previous studies have often been inconsistent due to an array of methodological difficulties, including small sample sizes and selfreported symptoms. Large studies on clinically confirmed mental disorders, specifically those after cancer diagnosis, and their potential influence on cancer-specific mortality are lacking. Furthermore, few past studies have addressed the potentially different roles of first-onset and recurrent mental disorders on cancer-specific survival.
Recently, we demonstrated a rapid rise in first-onset mood-, anxiety-, and substance abuse disorders in patients undergoing diagnostic work-up and immediately after cancer [10] . In the present study, we aimed to examine the role of these common mental disorders diagnosed after the cancer on cancer-specific mortality. As an indication of a severe stress-related reaction after cancer, we hypothesized specifically that such first-onset mental disorders would be associated with increased cancer-specific death.
Materials and methods

Study design
In Sweden, reporting cancers has been required legally since 1958 and the completeness of Cancer Register approaches 100% [11] . We conducted a cohort study on all adult patients (age 30) diagnosed with a primary cancer between 1 January 2004 and 31 December 2009. After exclusion of diagnoses confirmed at autopsy, our analytic cohort comprised 244 261 cancer patients with information on age, sex, date of diagnosis, cancer stage, and the national registration number (NRN). The most common cancer types were prostate (N ¼ 51 065), breast (N ¼ 33 999), colorectal (N ¼ 28 007), lung (N ¼ 16 872), hematological (N ¼ 15 907), and renal/ bladder (N ¼ 15 594) cancers, as well as malignant melanoma (N ¼ 11 014). Additionally, highly fatal cancers of the esophagus, liver, and pancreas were pooled together as severe cancers (N ¼ 6603). The individually unique NRN, allowed record linkages between the study cohort and the nationwide Patient, Causes of Death, Migration, MultiGeneration and Education Registers.
Ascertainment of mental disorders
In Sweden, all hospital discharge records have been collected in Patient Register since 1987 and >80% of outpatient visits for hospital-based specialist care since 2001 [12] . In this register, all diagnoses are coded from 1997 onward according to the 10th Swedish revision of International Classification of Diseases (ICD). We focused on common mood-, anxiety-, and substance abuse disorders, which have been shown to have a dramatic risk elevation after cancer [10] , and are potentially related to severe psychological stress [13] . These included substance abuse (ICD10: F10-F16/F18-F19), depression (ICD10: F32-F33), stress reaction/adjustment disorder (ICD10: F43), anxiety (ICD10: F40-F41), and somatoform/conversion disorder (ICD10: F44-F45). Other mental disorders (ICD10: F00-F99 excluding the studied diagnoses above) were classified as the secondary exposure, leaving cancer patients without any mental disorder after cancer as the unexposed group. The first diagnosis of mental disorders after the date of cancer diagnosis, either through inpatient or outpatient care was used as a time-varying variable, and patients were classified as exposed from the diagnosis date of mental disorder.
Ascertainment of mortality
Cancer patients were followed from the date of cancer diagnosis until death or 31 December 2010, whichever occurred first. From Causes of Death Register, we identified date and underlying cause of death. If the cancer diagnosis and the underlying cause of death indicated the same site/group of cancer, the study participant was defined as having a cancer-specific death (supplementary Table S1 , available at Annals of Oncology online).
Statistical analysis
We used Cox regression to assess the association of mental disorders after cancer with cancer-specific mortality, estimating hazard ratios (HRs) with 95% confidence intervals (CIs).
We first estimated the overall associations between the studied mental disorders and cancer-specific mortality, and then by mental disorders diagnosed within or beyond 90 days after cancer.
We then carried out separate analyses for patients with and without a history of mental disorders before cancer. Patients diagnosed with mental disorders after cancer and without a previous history of any mental disorder before cancer (from 1 January 1987) were classified as having a first-onset mental disorder, while others were classified as having a recurrent mental disorder. The analysis was first conducted for all cancer types together and then separately for the most common sites/groups.
To separately assess the role of specific mental disorders, we further carried out the analysis by individual diagnosis. To assess potential effect modifications, we further stratified the analysis by age, sex, calendar period, educational level, number of close relatives (including partner, children, and siblings; 2, 3-5, and 6), and cancer stage at diagnosis. The number of close relatives was ascertained through linking to MultiGeneration Register, which contains information on familial links for all Swedish residents born since 1932 onward.
In all statistical models, we used age at follow-up as the underlying timescale and adjusted for age, sex, calendar period (2004-2006/2007-2009 ), educational level (>9/9 years), and cancer stage at diagnosis. In the analysis of all cancers, we further adjusted for cancer site/group (supplementary Table S1 , available at Annals of Oncology online). In the analysis of hematological malignancies, subtype (Hodgkin/non-Hodgkin lymphoma, myeloma, and leukemia) was further adjusted for. Information on cancer stage was ascertained by the TNM or FIGO records, including localized (T-localized/N0/M0, FIGO-0/I), local spread (T-advanced/N0/M0, FIGO-II), regional spread (Nþ/M0, FIGO-III), and advanced (Mþ, FIGO-IV) cancers [14] .
Cancer patients with mental disorders adjacent to their diagnosis may receive different treatment regimens, leading to potentially different mortality. To test this hypothesis, we compared the percentage of and waiting-time for surgical treatments among patients with prostate, lung, or colorectal cancers (where surgical treatment is commonly used as the primary treatment), according to their exposure to the studied mental disorders. We also repeated the main analyses after further adjustment for surgery among patients with these cancers.
All the statistical analyses were carried out in SAS9.4 and Stata13.1. The study was approved by the Regional Ethics Review Board in Stockholm, Sweden.
Results
After cancer diagnosis, 11 457 patients experienced the studied mental disorder including 7236 with first-onset, and 10 688 patients experienced other mental disorders including 6661 with first-onset. A higher proportion of patients with the studied mental disorders was female and diagnosed as cancer below age 65 years (Table 1) .
Patients with the studied mental disorders after cancer had a 53% increased cancer-specific mortality compared with patients without any mental disorders. The association was considerably stronger for first-onset than recurrent mental disorders (Table 2) . No statistically significant association was noted between recurrent mental disorders and cancer-specific mortality in the analyses of specific cancer sites/groups while first-onset mental disorders were associated with a higher risk of cancer-specific mortality among all common cancer types ( Figure 1 ). The increased cancer-specific mortality was observed for both mental disorders experienced within and beyond 90 days after cancer (Table 2) .
Patients diagnosed with other mental disorders also showed increased cancer-specific mortality, regardless of whether the mental disorders were first-onset or recurrent (supplementary Table S2 and Figure S1 , available at Annals of Oncology online).
In the stratified analysis, the excess cancer-specific mortality by first-onset mood-, anxiety-, and substance abuse disorders did not appear to differ largely between men and women; neither by age, calendar period, educational level, or number of close relatives (Table 3) . However, the association was stronger among patients with a diagnosis of lower stage cancers.
Almost all subtypes of the first-onset mental disorders (depression, anxiety, stress reaction/adjustment disorder, and substance abuse) were associated with increased cancer-specific mortality ( Table 4) .
Compared with unexposed patients, patients with a first-onset mood-, anxiety-, or substance abuse disorder had a similar (prostate cancer, P > 0.05) or a slightly higher (lung or colorectal cancer, P < 0.05) prevalence of surgery (supplementary Table S3 , available at Annals of Oncology online). Patients with these mental disorders had also similar waiting-time for surgery compared with unexposed patients (P > 0.05). Adding surgery to the original models did not alter the results.
Discussion
The findings from this nationwide cohort study of more than 240 000 individuals suggest that patients diagnosed for the first time with common mood-, anxiety-, and substance abuse disorders after their cancer experience increased risk of cancerspecific death. The increased cancer-specific mortality was noted across all tested cancer sites and was particularly strong in the case of early stage cancers. Our findings support the hypothesis that mental disorders may be strongly associated with survival prospects of patients diagnosed with cancer-a finding that calls for further exploration of mechanism as well as enhanced clinical monitoring and treatment of these symptoms among cancer patients.
To the best of our knowledge, the present study is the first large scale endeavor to evaluate the influence of clinically confirmed first-onset mental disorders after cancer on cancer-specific mortality. Previous research lends support to an association between psychological disorders and cancer mortality [4] . In line with earlier findings [8, 9, 15] , our data suggest that cancer patients face shorter cancer-specific survival specifically when diagnosed with first-onset mood-, anxiety-, and substance abuse disorders after cancer. It is possible that first-onset mental disorders represent a severe stress reaction specifically due to the diagnosis and living with cancer whilst a recurrent onset may demark a general lability for mental disorders, which might play a smaller role in cancer progression. Similar findings were indeed observed in a recent Danish study, showing that only bereavement-with its associated risk of mental disorders-occurring after but not before cancer diagnosis was associated with cancer mortality [16] . Nevertheless, why patients with recurrent mental disorders do not experience similar elevation in cancer-specific mortality is enigmatic and calls for further studies.
Several different pathways may explain the associations between the studied mental disorders and cancer-specific mortality. First, a mental disorder occurring in conjunction with cancer may influence treatment decisions. Yet, our secondary analysis did not show less prevalence of or longer waiting-time for curative treatment (i.e. surgery) among patients with prostate, lung, and colorectal cancers that had first-onset mental disorders after cancer. Second, although adjuvant cancer treatments, e.g. chemotherapy or radiation, could increase the risk of mood disorders, they might also be associated with extended survival. Not taking into account adjuvant therapy could therefore result in an attenuation of our point estimates. Third, psychopharmacological treatment of mental disorders could potentially mediate the association between mental disorders and cancer survival. Data are still limited on the association of psychotic medication and cancer-specific mortality [17, 18] . Thus, the role of psychopharmacological treatment as a mechanism between first-onset mental disorders and cancer progression cannot be excluded and warrants further study. Finally, downstream physiologic consequences of the patients' mental health may independently affect tumor progression and survival [19] . Mental disorders, e.g. anxiety and depression, can cause activation in the hypothalamic-pituitary-adrenal axis and autonomic nervous system with corresponding deregulation of circadian cortisol rhythm and release of catecholamine [19] . In an animal model where circadian cortisol rhythm was blunted, implanted osteosarcomas and pancreatic adenocarcinomas grew significantly faster than in sham-operated animals [20] . Furthermore, the loss of normal circadian variation in cortisol was associated with earlier mortality among lung [21] and breast cancer [22] patients.
The major strength of our study is the large-scale populationbased cohort design, the complete follow-up and the independently and prospectively collected data on cancer, mental disorders, and cause of death. A few limitations should nevertheless be noted. First, mental disorders are a group of diseases associated with multiple etiologies ranging from environmental to genetic factors. Our main exposure, first-onset mood-, anxiety-, and substance abuse disorders after cancer, may potentially be a proxy for stress reaction to receiving cancer diagnosis or living with cancer, but could also be related to other causes. Second, we used clinically confirmed mental disorders as exposure, which likely Figure 1 . Hazard ratios of cancer-specific mortality among patients with studied mental disorders after cancer diagnosis when compared with patients without any mental disorders after cancer diagnosis, further stratified with respect to previous mental disorders (ICD10: F00-F99). indicate the most severe cases of mental distress. Patients with milder forms of mental distress that did not receive a clinical diagnosis were classified as unexposed, probably leading to an underestimate of the real associations. Third, the burden of mental disorders among cancers of very poor prognosis might have been underestimated. Fourth, we did not have complete information on cancer treatments. However, our secondary analyses with further adjustment for surgical treatment did not alter the results of prostate, lung and colorectal cancers. Further, it is possible that small number of patients died from other comorbidities were misclassified as from cancer, or vice versa. However, it is unlikely that this misclassification was related to mental disorders and this source of error would only dilute the reported associations. Finally, in this study cancer patients were only followed for an average of 2.9 years. Thus, future studies with longer follow-up times are needed to explore the association between mental disorders and longer-term survival.
In conclusion, our findings suggest that patients experiencing a first-onset mood-, anxiety-, or substance abuse disorder after cancer may face increased risk of cancer-specific death. In an effort to optimize quality of life and survival prospects of newly diagnosed cancer patients, our findings motivate further study of underlying mechanisms as well as closer monitoring, and treatment, of severe mental disorders among these patients. 
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